Genetic trends based on 30 395 records with parities 1 to 8 were estimated using average information restricted maximum likelihood algorithm (AIREML), which had overall mean, herd, month of calving, year of birth, parity and linear and quadratic effects of days in milk. Due to changes in the Zimbabwean milk recording system data set was split into records of cows born from 1973 to 1989 and the other from 1987 to 1994. The first data set was further split into even numbered herds (EVNH73) and odd numbered herds (ODNH73), due to computational limitations. The highest milk production was from May to August. Peak milk production was observed in parity 4. The heritabilities for FCM (0.22 to 0.26), fat percent (0.24 to 0.28) and protein percent (0.21) were comparable to literature values. The annual genetic trends of FCM ranged from 8.36 kg to 13.2 kg, fat per cent ranged from 0.0 % to -0.008 % and protein per cent was -0.003 % in the three data sets. Genetic trends for milk yield, fat and protein yield were also positive but overally lower than in most other countries. The positive genetic trends obtained for milk, fat and protein yields imply that some progress has been made in increasing the milk production despite the relatively small population and significant restrictions. There is need to develop a selection index to improve milk yield and milk composition. 
Introduction
The effectiveness of any animal-breeding programme is measured by the genetic progress obtained. Both genetic and environmental improvements offer opportunity to increase the production of dairy cattle. One way to evaluate breeding programmes is to estimate the genetic trends. By analyzing the genetic trends, the need to take corrective measures or improve or even change the criteria used for choosing the genetic material (semen or embryos) for import to Zimbabwe may be highlighted. It may also point to the need to alter the environment in order to improve the expression of traits. Genetic trends measure the changes in the population and are the ultimate indicators of sustainable progress since this gain is cumulative and permanent. The historical trend analysis provides information to assess the current breeding strategy and to adjust for future market needs. The mixed model methodology (MMM) initially described by HENDERSON (1975) has recently been used to determine what proportion of the phenotypic value is in fact genetic. It has been favored because MMM has smaller sampling variance and it accounts for competition by adjusting for differences in herd-mates ofthe daughters of the sires being evaluated. The animal model incorporates all known genetic relationships in the population and is in particular an effective method of separating genetic and environmental effects (WIGGANS et al., 1988 ). The animal model accounts for changes in genetic variance as a result of selection (SORENSEN and KENNEDY, 1984; KENNEDY et al., 1988) . The MMM requires that the variance components (genetic parameters) are known. Restricted Maximum Likelihood (REML) estimates the unknown parameters from the data. One such REML programmes is AIREML, which has the large sample properties of Maximum Likelihood (ML) and accounts for the loss of the degrees of freedom in the simultaneous estimation of fixed effects. It is robust against selection and nonrandom mating (MUSANI and MAYER, 1997) .
Materials and Methods
The data comprised of 30 395 (after edits) unadjusted production records from the Zimbabwe Dairy Services Association (ZDSA) for the period of calving from 1980 to 1998. Two sub data sets were created. The Separation was for one data set to be for calvings from 1980 to 1993 (giving years of birth from 1973 to 1989). The second data set had records of calving from 1994 to 1998 (years of birth from 1987 to 1994). This was based on the fact that up to 1993 the lactation length was defined to be 300 days. During the same period fat percent was measured by the Gerber method. This was changed with the introduction ofthe statement system in 1994. The lactation length is now 305-days and the Bentley 2000 machine is used to measure fat and protein percentages. Restrictions were imposed on the two data sets in an attempt to remove incorrect data and outliers. Only records of cows in parities 1 to 8 were included for the period 1973 to 1989, and only records of cows in parities 1 to 7 for the period 1987 to 1994. This was due to fewer animals in parities greater than 7 in the second data set. The first data set had 19 755 records of lactation length 300-days. Due to Computer memory limitations this data set was further split into even numbered herds (EVNH73) and odd numbered herds (ODNH73). The even numbered herds had 10 638 records in 45 herds and the odd numbered herds had 9 117 records in 47 herds. All herds with less than 10 cows and sires with less than 50 daughters were deleted and therefore excluded in the analysis. This was done besides reducing the data to a manageable size, to include only the sires that had really had an influence by having a large number of daughters which in turn would reduce prediction error variance (PEV), thus enhance accuracy of the estimation of Breeding Values (EBVs) (MRODE, 1996) . No separate edits were done on the EVNH73 and ODNH73 data sets. The third data set (ALL87) comprised of 10 440 production records with days in milk ranging from 145 to 480 days for the calving period from 1994 to 1998 and years of birth were from 1987 to 1994. There were 48 herds and 72 sires in the third data set. The trait fat-corrected-milk (FCM) at 3.5 % was computed using the equation: FCM 3,5 % = (milk yield * 0.4324) + (fat yield * 16.218) (MAKUZA and McDANIEL, 1997) . The traits analysed for the period 1973 to 1989 were milk yield, fat-corrected-milk (FCM), fat yield and fat percent. For the period 1987 to 1994, the traits analysed included the above plus protein yield and protein percent. Initial analyses using the General Linear Model (GLM) procedures of the Statistical Analysis Systems (SAS, 1994) were done to determine the non-genetic factors which affect milk yield, fat yield, fat percent, protein yield, protein percent and 3,5 % fatcorrected-milk (FCM). This led to the Identification of fixed factors, which were later included in the animal model analysis. The fixed model, which was used, had the effects of herd, year of birth, month of calving and parity for EVNH73 and ODNH73 data sets with cows born from 1973 to 1989. The model for the data set ALL87 had the fixed effects of herd, year of birth, month of calving, parity and the linear and quadratic effects of days in milk. Days in milk was fitted as a covariate. This was because in the latter data set, there was great Variation in days in milk to justify their inclusion in the analysis. The fixed effects of previous calving interval, days dry, days open and age at calving were exeluded. Days open are not recorded at ZDSA. Also it is highly correlated to the calving interval. Age at calving confounded with parity and these two are highly correlated. Days dry confounded with calving interval and parity. This confounding was evident from the initial General Linear Model analysis of SAS, were the degrees of freedom were not what they were expected if these were included! MAKUZA and McDANIEL (1996) reported that the fixed effects, which included calving interval, days open, days dry among others were not estimable from parity 3 onwards using the data set from ZDSA for the period from 1973 to 1987. Interactions among these fixed effects would result in them being nonestimable. The variance components, heritabilities and repeatabilities were estimated using the Average Information Restricted Maximum Likelihood (AIREML) Computer algorithm of GILMOUR (1995) . The Standard errors ofthe heritabilities obtained from running the AIREML were very high as a result, the formula of HAZEL and TERRILL (1945) was used to approximate them. The AIREML was restarted (cold Starts) for each run at least 3 times after convergence to ensure that global maximum had been reached. The starting values for first iterations for the traits were taken from literature (MAKUZA and McDANIEL, 1996) . Two repeatability modeis were fitted. Model 1 was for cows born from 1973 to 1989 (data sets EVNH73 and ODNH73) had fixed effects of herd, year of birth, month of calving and parity and random effects of animal and error.
Model 2 was for cows bom from 1987 to 1994 (data set ALL87) and had the fixed and random effects as model 1 plus the linear and quadratic regression coefficients of days in milk. Annual genetic values were calculated as the average of the predicted breeding values for animals born in that year. The genetic trends were computed as the linear regression of mean annual genetic values on the year of birth (LINDBERG et al., 1999) .
Results and Discussion
The heritabilities and repeatabilities of all traits in the three data sets are shown in the Table. They were comparable to those reported by MAKUZA and McDANIEL (1996) . The variance components were lower than those reported for temperate climate values. The annual genetic trends of FCM and fat percent were 8.36 kg and 0.0 % for the EVNH73 data set (Figures 1 and 2) . Annual genetic trends for the ODNH73 data set were 13.2 kg for FCM and -0.001 % for fat percent (Figures 3 and 4) . For the ALL87 the annual genetic gains were 10.23 kg for FCM, -0.008 % for fat percent and -0.003 % for protein percent (Figures 5 to 7) . The genetic trends for milk yield, fat yield and protein yield were similar to that for FCM. As expected the trends for fat percent and protein percent declined as that of milk yield increased. The negative genetic correlation between milk composition and milk yield has been described elsewhere (SIMIANER et al., 1991) . The annual genetic gains were lower than those reported by MAKUZA and McDANIEL (1997) . Their figures were 68 kg, 49 kg and 1 % for milk yield, FCM and fat per cent respectively. BURNSIDE et al. (1992) using data of Italian Holsteins, also reported higher gains per year, which were comparable to those obtained by MAKUZA and McDANIEL (1997) . HALLO WELL et al. (1998) reported annual genetic gains of 19 kg in first lactation cows in the South African Ayrshire cows. Their findings were comparable to those obtained in this study. The gains obtained in this study were higher than those reported by MUSANI and MAYER (1997) in a Jersey herd in Kenya. Several factors may have contributed to the differences in genetic trends compared to published data. One reason could be the differences in sample sizes. MAKUZA and McDANIEL (1997) used MTDFREML on a main frame Computer, which accommodated a larger data set compared to the AIREML on a personal Computer used in this study. Secondly the intensity of selection: In the past there were sanctions against Zimbabwe (then Rhodesia) until 1980, which restricted imports including semen or embryos into the country. The effective population size from which selection could be applied was therefore relatively small resulting in low selection intensity. Further severe droughts occuring in 1992/93 and 1995/96 resulted in huge losses of dairy animals. Thus the dairy farmers in Zimbabwe are in the process of restocking their herds and more animals of mediocre Performance are retained. All these factors will contribute probably to the low average genetic trends. Conclusion Herd, year of birth, month of calving, parity, linear and quadratic effects of days in milk and the quadratic effect of days in milk significantly affected milk yield, FCM, fat yield and protein yield. There was no Variation in fat percent and protein percent with month of calving. May to August gave the highest yields in all the three data sets. Peak production occurred at parity four. Therefore farmers should consider keeping cows to parity 4 to 7. Milk traits in Zimbabwean Holstein cattle had heritabilities and repeatabilities that were comparable to those from elsewhere. The variance components were lower than earlier reports on the same population. There were positive genetic trends in cows bom from 1973 to 1989 for milk yield, FCM and fat yield. However, the genetic trends for fat percent was negative. The cows bom from 1987 to 1994 (data set ALL87) also had positive genetic trends. The trends for fat percent and protein percent were negative. There is need to develop adjustment factors for days in milk (lactation length). There were positive genetic trends for milk, fat and protein yield. However, the genetic trends for fat and protein percent were negative indicating an antagonistic relationship between milk yield and milk composition. Overall the observed genetic trends were lower compared to estimates from other countries or dairy cattle populations. Therefore it is important to regularly provide farmers and organisations with information on genetic trends to establish the effect of selection and determine future selection strategies. 
